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SUMMAEY 

A means of using tho stro]3g absorption by alkylnapbthalcnos in 
the reinge from approximately 2500 to 2700 A to cbeck estimates of 
the concentrations based on spootropbotomotric moasuremonts at about 
3150 A has boon deviaed and applied to 10 ecqperimental Jet-propulsion 
fuels that are potroleum outs boiling in the range from 100° to 
700° E (approximatoly 40° to 400° C) . The 10 fuels investigated are 
one Yates, three Hastings, tvo Tcmball, two Bradford, and two Midway 
crude cuts. This check procedure involved empirically determining 
tho average characteristic extinction at 2650 A most suitable for 
alkylnaphthalonoB in those fuels and estimating tho amount of other 
aromatics, which weie largely monocyclic. Sums of amounts of alkyl- 
naphthalenes and of other aromatics constituted spoctrophotomotric 
estimates for total aromatics. Difforoncos between those estinratos 
and values for total aromatics in the same samples obtained at the 
Petroleimi Experiment Station, Bureau of Mines, Bartlesville, Oklahoma, 
by a silica-gel adsorption method were recognized to be due to several 
causes including interfering absorption, erroneous estimates of the 
amounts of other aromatics, and small inaccuracies of the Bartlesville 
data. Nevertheless these differences were tentatively attributed 
entirely to errors in spectrophotometrlc estimates of alkylnaphthalenos 
in order to establish an t^per value for the order of magnitude of 
these errors, ■vrtiich was computed to be about 0.2 percent of total 
sample. In this manner the spectrophotometric method for estisnation 
of alkylnaphthalenes was shown to be more accurate than was formerly 
expected and some additional infoimatlon concerning the composition 
of the fuels was obtained. The possibility of undetectable inter- 
ference, however, prevents proposal of ultraviolet estimation of total 
aromatics as an independent method except in particular cases. 
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IimiODUCTICN 

The combustion efficiencies of 10 experimental Jet -propulsion 
fuels that are approximate ly 200° F cuts of five eelected crudes 
available in large q^^antltles are being determined in a turbojet 
engine combustor’ at' altitude oondltions at the HACA Cleveland labo- 
ratory. These fuels are as folleve: 


Crude 

Approximate 

boiling 

range 

m 

Yates 

160-340 

Eastings 

120-310 

Eastings 

280-400 

Eastings 

410-6S0 

Tomball 

210-340 

Tomball 

400-590 

Bradford 

90-360 

Bradford 

340-540 

Midway 

110-390 

Midway 

370-630 


Haese determinatione are part of a program investigating the 
effects of fuel composition on performance in Jet combustors at sea 
level and at altitude. (See reference 1.) Extensive data on the 
physical characteristics and the chemical composition of these 
10 experimental fuels in terms of hydrocarbon types were obtained 
from the Petroleum Experiment Station, Bureau of Mines, Bartlesville, 
Oklahoma. The values for total automatics included In these data have 
been assumed to be correct because they were obtained by a silica- 
gel adsorption method (reference 2), which is one of the most 
reliable methods currently available. 

Alkylnaphthalenic' aromatics are characterized by absorption in 
the range from approximately 2500 to 2700 A, which is much more 
intense than either the absorption near 3150 A or the absorption by 
monocyclic aromatics at 2650 A. Hence, the method described for 
estimating total aromatics, which is based on average characteristic 
absorption by these two types of aromatic at 2650 A, is very sensi- 
tive to variations in the value, for the alkylnaphthalenic content. 

The purpose of this investigation is to take advantage of this 
magnification of errors in alkylnaphthalenic estimates to investi- 
gate the accuracy of the epectrophotometric method of estimation of 
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alkylnaphtlialenlo hycLrocar'bons propoBed in reference 3, Tlie investi- 
gation consisted in determining differences iDetveen spoctropliotoinetric 
estimates and the previously mentioned accepted values for total 
aromatics in the 10 experimental fuels and then computing the ordor 
of magnitude of errors in aUcylnaphtbalenio estimates that would have 
caused those differences. The ahsorptlon at selected wavelengths in 
the ultraviolet spectra of the fuels and of several aromatics that 
have boiling points ranging frcaa 150® to 350® C was measured at the 
Cleveland laboratory and average characteristic extinctions at 2650 A 
most suitable for application to those fuels were evaluated empiri- 
cally using the spectra, of reference 4 and other unpublished data. 
Information concerning the alfeylnaphthalenio and total aronatic 
content of the fuels was a byproduct of tlie investigation^ 


HONCIPIES OF SEECTROrSOTOMETEIC ANALYSIS AND 
I3ESCEIPTI0N OF METHOD 
Method for Alkylnaphthalones 

The ultraviolet spectrophotcsaotric method for estimation of 
alkylnaphthalenlc type hydrocarbons in kerosenes described in 3ref- 
eronce 3 proposed an averege value of about 8 for EcPo/ product 

of extinction measured at a peak of absorption between 3100 and 
3300 A and dilution factor (defined as volume of solution divided 
by volxano of soluto). The number 8 is the characteristic value of 
$ 0^0 for ® 3. percent by volume solution in Isooctano of typical 
alkylnaphthalones in an absorption cell 0.5 centimeter thick (for 
100-percent alkylnaphthalones the value of was 800 in ref- 

erence 3). Division of the product of extinction and dilution 
factor by 8 for the higher peak between 3100 and 3300 A of a petro- 
leum out dissolved in isooctano and measvirod in a 0.5-centlmetor 
cell is essentially the method of reference 3 for estimating percent 
by volume of alkylnaphthalenlc hydrocarbons Cjf. Paraffins, naph- 
thenes, olefins, alkylbonzenes, and noncondonsod dicyclic compounds 
would not interfere with this estimate but subtraction of the 
extinction of the diluted petroleum cut measured at 3400 A before 
further calculations was reconaaended as a correction for possible 
interference by condensed tricyclic and other possible interfering 
compounds that have absoip>tlon throughout the range from 3100 
to 3400 A. 
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Msthod for Total Aromatics 

Nearly all arcanatics are characterized hy absorption in tbs 
vicinity of 2650 A and average absorption by a Iky Inaphtha lenic 
ccanpounds is from 10 to 20 times as intense as the average abso37p- 
tion by alkylbenzenes and noncondensed nonconjugated dicyclics at 
this wavelength. An ultraviolet -spectrophotometric method for 
estimating the total aromatlo content of outs of cnide oil may there- 
fore be established according to the principles of reference 4 on the 
basis of suitable average characteristic extinctions of the aromatics 
expected to be present. The cuts are assumed to be mixtures of the 
two ultraviolet-absorbing camponents; alkylnaphtha lanes and other 
aromatics^ which are largely monocyclic^ dissolved in ultraviolet- 
treuisparont paraffins, naphthenes, and olefins. Absorption at 
2650 A is the sum of the absorption by both oanponent types. This 
sum may be represented mathematically by the equation 

ED = Cjj kj^ + kg 


where 


Cjj concentration of alkylnaphthalenic aromatics, percentage by 
volume 

concentration of monocyclic and other arcanatics, percentage by 
volume 

D dilution factor, which is the ratio of volume of solution to 
volume of solute 


k-j^ average specific extinction of alkylnaphtha lens s at 2650 A 

kg average specific extinction of monocyclic and other aromatics 

at 2650 A 

B extinction of properly diluted sample of out measxu’od at a 
selected wavelength (2650 A in this case) 

The specific extinctions must be estimated as will be explained 
in the following section from absorption data at 2650 A for compomds 
assumed to be typical of each of the two tj-pes of components that have 
characteristic absorption at that wavelength. The wavelength 2650 A 
was chosen to favor absorption by varioxis alkyl substituted benzenes 
as much as possible relative to absorption by alkylnaphthalenes and 
other types of dlcyclio aromatic. Probably any peirticular wavelength 
between 2650 euid 2690 A would serve the purpose as well. 
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Evaltiation of Average Specific Extinctions 

The data used for the evaluation of an average specific extinc- 
tion are given in figure 1. The line drawn for kj^ in fig- 

ure 1 is the one of three tried for the spectrophotometrio data on 
the 10 fuels, 'vdiich gave results for total aromatics in hest agree- 
ment with the accepted Beirtlesville data. The points plotted in 
this figure indicate that the specific extinction is lower for the 
higher-hoi ling alkylnaphthalene compounds. In order to assign 
definite values to k^, soiBe characteristic distillation tempera- 
ture in the upper hoillng range of a cut must he selected. The 
line in figure 1 is drawn to represent average characteristic 
values of k]^ as a function of the A.S.T.M. end point of a cut 
hecause this temperature is most often avallahle. The location 
of this line is somewhat eirhitreiry and reflects some conditions 
characteristic of the experimental fuels investigated. 

Several variable factors siffect the location of the line in 
figure 1. The efficiency of the still used to obtain the cuts to 
he analyzed, the variation of concentration of condensed dloyolics 
present as a function of their hoillng points, and the width of 
cut analyzed all have relatively significant effects on the prohahle 
value of k^^ in any particular case. General predictions of the 

prohahle values of k^ to ho applied in the case of particular 
refinery cuts may vary considerahly and would prohahly lie within 
a hand of values varying as much as ±1Q units from the line given. 

The ultraviolet spectra of Midway fuel 3A (end point 
390° P 200° C) and Eastings SB (end point 40CP F « 204° C) showed 
well-resolved peaks at 3111 and 3192 A, respectively, characteristic 
of naphthalene and monosuhstituted naphthalenes. (See reference 3.) 
Kie maffiitude of these peaks indicated that the concentrations of 
these two types of condensed dicycllcs were approximately ei^ualj 
therefore the still used to obtain the cuts was not very efficient 
otherwise such quantities of monosuhstituted naphthalenes would 
not distill at approximately 30° to 50° C below their boiling points. 

This spect3?ophotainotric evidence was interpreted as Justifying 
the values of k]_ (between ttie empirical, points 189 (naphthalene) 

eind 150 (methylnaphthalenas) ) that are indicated by the line in 
figure 1 for end points in the range from 200° to 250° C. If a 
very efficient still were used, a line for k^^ drawn through 
189 at 200° C and through 125 at 350° C would prohahly represent 
average conditions better. 
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The position of the k]^ line In the range from 240° to 350° 0 
is also dependent upon the width of the cut to he analyzed as this 
width affects the ratio of lower-boiling to higher -hoi ling dicycllcs 
in the cut. The cuts InTestlgated were more than 100° 0 wide and 
this fact together with the low efficiency of Idle still probably 
resulted in the inclusion of all dicycllcs that had boiling points 
below the end points of the cuts. For this reason the k^ line is 
drawn considerably above the values measured on technical -grade 
compounds for end points above 240° G. For narrower outs the k^ 
line should be lower for the higher end points as was suggested in 
the previous paragraph for the case of a very efficient still. 

Values of kg for several monocyclic aromatics given in fig- 
ure 2 do not vary in., a regular manner with boiling points of the 
compounds. Actually, the structure of the molecules is known to be 
the factor that affects both k^ and kg. In spectra of the homolo- 
gous series of monocyclic aromatics substitutions in the para 
positions yield large values for kg but substitutions in other 
positions yield smaller values. Although the copreot value of kg 
is different for each cut and depends on the concentrations of 
respective monocyclic aromatics present, an average of the values 
in figure 2 (8.0) lias been computed and arbitrarily applied. Agree- 
ment of estimates of total etromatios in 10 outs based on this arbi- 
trary average with values for total aromatics in the same cuts 
obtained by an accepted method has been used as a criterion for 
Judging the reliability of this procedure. 


HESOLTS 

Some data characterizing the 10 experimental Jet-propulsion 
fuels, which boil in the range from 100° to 700° F, together with 
determinations of the alkylnaphthalene and total aromatic content 
by the spectrophotometric methods described, herein are presented as 
percentage by volume of total sample In table I for oomparlson with 
similar Bartlesville data. Total aromaticity was determined at the 
Bureau of Mines Baartlosville laboratory by a silica-gel adsorption 
techni<iue and alkylnaphthalene content was evaluated on the basis 
of the refract ivlty intercept of the aromatic extract. These methods 
have been described in a communication from the Bartlesville labora- 
tory. The percentages of other aromatics, which consist largely of 
monocyclla plus some noncondeneed dicyclic arcanatics, if they are 
present, may be obtained from the data of- either laboratory by sub- 
tracting the percentage of alkylnaphthalenes from the percentage of 
total aromatics. — . - 
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DISCUSSION OP EESULTS 

Because the analytical data presented In table I vere obtained 
by tvo independent methods, they afford a basis for consideration of 
reliability, particularly for the speotrophotometrio estimates of 
alkylnaphthalenio content . 


Alkylnaphthalene Content of Fuels 

The agreement of values for alkylnaphthalenio percentages is 
probably within the eaperimental errors of the methods in all cases 
but one. The maximum, error possible in the spectrometric method 
was admitted to be large in reference 3 but usually dependent upon 
the amount of alkylnaphthalene s present. Consequently, the absolute 
magnitude of the error decreases as the concentration of alkyl- 
naphthalenes becomes smaller and the method is especially suitable 
for relatively low concentrations. Evidence that indicates bettor 
reliability of the spectrometric method than was expected is presented 
in this discussion. 

The refraotlvity intercept method proposed and applied at the 
Betroleum Experinsent Station, Bartlesville, determines alkylnaph- 
thalenio percentage in the aroiaatic extract of a cut from 0 to 
100 percent in proportion- as the refractivity intercept of the 
extract increases from 1*061 to 1.099 or 0.038. The formula for this 
percentage is 


Em - 1.061 
1.099 - 1.061 

where Vjf is the percentage of alkylnaphthalene s in the aromatic 
fraction and E^ is the refractivity intercept of the aromatic 
fraction. An analysis for low concentrations of dicyclics is 
dependent on the monocyclic aromatics present in the following ways 
If all the monocyclic aromatics have positive average deviation, 
which according to information from the Bartlesville Petroleum 
Experiment Station, is +0.0034 from the mean refractivity intercept 
1.061, 9 percent of the aromatic fraction or 2.3 percent of a fuel 
that contained 25 percent total aromatics would be reported as 
alkylnaphthalene s although none was present. Conversely, if all 
the monocyclic aromatics liad a ne^tive average deviation of the 
same magnitude, the presence of as much as 9 percent alkylnaphtha- 
lene s in the aromatic extract or about 2.3 percent in a out con- 
taining 25 percent aromatics would not be detected and would be 
reported as zero. This method therefore appears to be rather 
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unreliable for the determination of low alkylnaphthalonlo ooncon- 
trationa in a out beoauee the result is dependent to some oztont on 
the monocyclic aromatics present. The aTorago deviation of 0.0064 
for allcylnaphthalenos from tholr mean refraotlvlty intercept 1.099 
is also a source of error but the error becomes serious only in 
unusxial oases of high concentrations of aUcylnaphthalenes, The fore- 
going considerations together with a probable error forarerly belioved 
to bo about 15 percent of the amount present in the spectromotric 
determinations are .adeqiiato to account for all differences in the 
values for allcylnaphthalenos except in the case of tho high-boiling 
(370° to 630° F) cut of tho Midway crude (NACA fuel number 45-623). 
Tho speotrophotomotric procedure has., been repeated and chocked for 
this sample and the data at two wavoiengths together with the NACA 
value for allcylnaphthalonos give an estimate for total aromatics that 
is correct according to tho main assumption in this report; hence, 
this difference has not boon explained aiid is being investigated 
further. 


Total Aromatic Content of Fuels 

In the piosont discussion the percentages of total arcmatics 
obtained at the Petroleum Experiment Station, Bartlesville, by silica- 
gel extraction ere .jissumod to bo correct# that is, tho anall inaccu- 
racies, which doubtless exist, eiro nogleotod. Tho absorption by 
alkylnaphthalenlo aromatics at 2650 A, whore monocyclic aromatics have 
characteristic absorption, is about 18 times as intense as tho mono- 
cyclic sircsaatic absorption. This fact moans that a ohango of 1 percent 
in tho concentration of alkylnaphthalenos causes a change of approxi- 
mately 18 percent in the spectrophotomotrio estimation of total 
aromatios. For this reason agrooment of spootrophotometric estimates 
of total aromatics with values obtained by an accepted method consti- 
tutes a sensitive tost of tho accuracy of the estimate of alkylnaphtha- 
lonos. For 8 of tho 10 cuts tho spootrophotometric ostimato of total 
aromatic content deviated from tho values determined by silica-gol 
extraction by an average of 0,8 percent, the largest being 1.9 percent. 
The close agroemont of these values is evidence that tho spectrophoto- 
metric methods of analysis used are applicable to tho outs of Bradford, 
Midway, Yates, and Bastings crudes with an average error of loss than 
0.05 percent in tho determination of the alkylnaphthalenos and loss 
than 1 percent in the estimation of total aromatic content. Neither 
errors greater in value than these nor tho presence of as much as 
about 0.5 percent of noncondensod dlcyolics would have permitted tho 
agreement found in tho case of tho eight cuts. Tho average error in 
the estimates of alkylnaphthalenes determined in tho same manner and 
averaged for all 10 cases was loss than 0.2 percent. 



KACA BM No, E6E)8 


9 


PoBsitl© esplanationa of the difference of 5.7 percent for total 
aromatics in the gasoline fraction and of 14.5 percent in the kerosene 
fraction of the Tomball crude, which lias the highest aromatic content 
of all the crudes, will he given suhse<iu©nt to the following consid- 
eration of speotrophotometric interference. 


Problem of Spectrometric rnterference 

A preliminary consideration of possible effects of absorption 
by certain compounds, the presence of which in appreciable concen- 
trations is doubtful, has been given for the alkyinaphtlialene region 
of 3100 to 3300 A (reference 3, pp. 4 to 5). In addition, the sane 
problem for the 2600 to 2700 A region must be considered here. Some 
approximate specific extinctions at 2650 A that may be compared with 


the value of kg (8.0) cliaract 
in the following table: 

eristic of 

alkylbenzenes are listed 

Number 

Aromatic compound 

Boiling 

point 

(OC) 

Specific 

extinction 

^1 

Tolume 

(percent) 

1 

Tetralin 

207 

31 

2.9 

2 

Biphenyl 

255 

210 

25.0 

3 

Dipheny Ime thane 

262 

13 

0.6 

4 

1, 1-Diphenylethans 

272 

12 

.5 

5 

Bibenzyl 

284 

8 

0 

6 

Anthracene 

342 

360 

45.0 

7 

m-Diphenylbenzene 

363 

360 

45.0 


These values are the results of measurements on samples believed to 
be 95 or more percent pure. By analogy with homologous series of 
alkylbenzenes and alkylnaphthalenes, the alkyl homologs of the above 
types of aromatic may be expected to have specific extinctions of 
the same order of magnitude within a factor of two. On the assump- 
tion that if they are present the seven compounds In the tabulation 
should be included in a value for total aromatics, the presence of 
any on© to the extent of 1 percent of a 'fuel would cause the spcotro- 
photometrlo estimate of total aromatics to be hi^ by appmximately 
the percentage in the tabulation. 

With the exception of tetralin, the presence of any of the 
previously listed compounds in kerosenes or Diesel oils has not 
been reported by any sources known to the authors but this fact . 
may be due as much to the lack of analytical methods suitable for 
detecting low concentrations of these compounds as it is to the 
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complete atsonce of these ocmpounds In natural crudes. In the case 
of 8 of the 10 fuels tlie close agreement of spectrophotometrlc 
estimates of total arcmatics with Talues assumed to "be correct makes 
the p3?esenc3 In the fuels of as much as 1 percent of tetralln or 
0.1 percent of ocmpounds 2, 6, or 7 improha'Dle heoause the presence 
of these amounts would have caused the spectrophotcmietrio estimates 
of total arcsmatics to he high hy approximately 3 percent. By the 
same reasoning the spectrophotometrlc estimates of total aromatics 
in the cuts of the Tomhall crude, which were high by 5.7 and 14.5 
percent, could be attributed to the presence of two and three times, 
respectlTely, the aforementioned amount of any one of the compounda 
or to a suitable combination of these compounds in smaller amounts. 
This explanation for the high valuee for total aromatioe in both 
cuts of the Tomball crude is probably preferable to the possibility 
that the high values sre due to estimates of alkylnaphthalenes low 
by about 0,3 and 0,3 percent in cuts lA and IB, respectively. 


SlMttRY OF RESULTS 

From ultraviolet spectrophotometrlc measurements on typical 
allqrlnaphthalenic ccanpounds and on th© 10 experimental Jet- 
propulsion fuels used for this investigation, ths following results 
are obtained r 

The characteristic ultraviolet absorption by alkylnapthalenes 
is such that in tlie application of spectrophotometrlc methods of 
estimation a change of 1 percout in the amount of these compounds 
caused a change of approximately 18 percent in the estimated 
total aromatic content. 

The fact that if all differences between values for total 
aromatics determined by two methods were attributed to esrrore in' 
the 8i>ectrophotometrlo estimation of allcylnaphthalenos, the avere^e 
of these errors was lose than 0,2 percent, or for eight cuts not 
including the Tomball crude the average was 0.05 percent, was 
evidence of unexpected reliability of the speotrophotcaaetric method 
when applied to these, crudes. However, a dlfferonoa between spectra- 
photometric and refractivity intercept values for allcylnaphthalones 
in the high-boiling cut of the Midway crude has not been e::q)laJ.ned. 

Spectrophotcmotric methods In conjunction with an accepted 
method evaluating total aromatic content of a kei'osene-like 
fraction show promise of indicating the presence of more than 
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about 0.2 percent of nonoondeneed conjugated dicycllo aromatics of 
the diphenyl type. The possibility of undetectable interference, 
however, prevents proposal of ultraviolet estimation of total aro- 
matics as an independent method except in particular cases. 


Aircraft Engine Eesearoh Laboratory, 

National Advisory Committee for AeTOnautics, 
Cleveland, Ohio . 
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TEAT ARE CUTS ITICM PXVE ORDDKS 
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Bureau of Mines 

YATES 

HASTIHGS 

TCMBALL 1 

t 

BRADFORD ] 

MIDWAY 

Crude 

4A 

5A 

5B I 

5C 

lA 

IB 1 

2A 

2B 

3A ! 

3B 

MCA fuel 

45-667 

45-666 

45-663 

45-670 

45-657 

45-659 

45-627 

45-626 

45-6221 

45-623 

Approxiaate 

160 

120 

280 

410 

210 

i 

400 

90 

340 

! 

110 

370 

boiling range 

340 

310 

400 

630 

340 

590 

360 

540 1 

590 

630 












NACA aliyl- 











napbtlialeneB 

0.16 

0.012 

0.6 

0.7 

0.02 

12.6 

0.01 

1.11 

0.20 

10.0 

Bureau of Mines 











alkylnaplitlia- 











lenes {percent} 

0 

0 

1.9 

2.3 

0 

U.5 

0 

0 

0 1 

0.20 

MCA total 




1 



r ' ' 




arcmatics 

5.3 

4,1 

17.2 

23.2 

37.0 

46.7 

8,1 

13.1 

9.6 

34,5 

Bureau of Mines 


1 




j 





total aromatics 











(percent) 

5.9 

5.3 

16.8 

25,1 

1 31.3 

1 

32.2 

7.5 

12.4 

9.7 

33.2 

Difference 

-0.6 

-1,2 

0.4 



14.5 
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Figure 1« ” jSpeolflo extinction of alkylnapititbalenes at 8B50 A plotted at boiling points 
of the aroAtios. Solution, 1 pSroent by volune; cell thickness, 0.5 centimeter. 
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Figure 2* Speoiflo extlnetlon k 2 of alkyl benzenes at 2650 A plotted at boiling points 
of the aromatics. Solution! 1 percent by volume; oell thickness! 0.5 centimeter. 
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